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Exam Summer Semester 2021

Additional permitted Aids

e non-programmable calculator,
e formulary (4 one-sided DIN A4 pages)

Hits

e The duration of the exam is 120 min.

e Attempts to cheat will lead to exclusion and failure of the exam.

Withdrawal is no longer possible after these exam has been handed out.

Please write down intermediate calculations and results on the assignment sheet. (when more
space is needed also on the reverse side. In this case: Mark it clearly).

Always use units in the calculation.

¢ Use a document-proof, non-red pen.

e Sub-tasks, which are independently solvable are marked with: (independent)
e Sub-tasks, which are hard are marked with: (hard)

Tasks

Exercise E2 Magnetic Field Lines
(written test, approx. 4 % of a 120-minute written test, SS2021)

Several parallel conductors are projecting out of the plane.

The same current $|I|$ flows through all the conductors in different directions (see image
below).

Sketch at least 10 field lines of the magnetic field strength $\vec{H}$ in such a way that the
different properties of the field lines (e.g. direction and density) can be seen.
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Result

high density of field lines near the conductors
direction of the field lines given by the right-hand rule
magnetic field has closed field lines

resulting field given by superposition of field lines

Exercise E4 Magnetic Flux Density
(written test, approx. 6 % of a 120-minute written test, SS2021)

BhEedindtruatoe i o peeatet fartexpexitendityratd dafrecpteny y Arsadt és 4t 0g=c 1G@ rt withnan
B@ﬁMlEude of $\hat{l} = 100~\rm A$ is operated.

Xowbizndi staxic toaitcamd tthialcabdut whetheiswal e erced bdath pooiiienmstependgnibout.
The figure below shows the top view of the laboratory with the supply line between $\rm A$
ind $\rm B$.

atlyB =012 ~\mmunign T$

5\mu_{0} = 4\pi\cdot 10~ {-7} {{\rm VsHover{\rm Am}}$, $\mu_{r}=1%

The formula for the magnetic field strength can be rearranged: \begin{align*} H &=
{{I1}\over{2\pi \cdot r}} \\ r &= {{IH\over{2\pi \cdot H}} \\ \end{align*}

Again, the magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$
Therefore: \begin{align*} r &= \mu_0 \mu_r {{ | }\over{2\pi \cdot B} } \\ &= 4\pi\cdot
107{-7} {{\rm VsHover{\rm Am}} {{100 ~\rm A}\over{2\pi \cdot 100\cdot 10"~ {-6}

MEXLE Wiki - https://wiki.mexle.org/



2026/03/18 13:06 5/23 Exam Summer Semester 2021

{~\rm T}}} \\\end{align*}

a) What is the highest magnetic flux density through the line in your body? (3 points)

Path

The magnetic field strength for a conducting wire is given as:
\begin{align*} H &= {{I}\over{2\pi \cdot r}} \end{align*}
The magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$

Here, the maximum current is $\hat{l} = 100~\rm A$ and the distance to the cable is
$r=\sgrt{(0.1 {~\rm m})"~2 + (0.4 {~\rm m})"2}= 0.412... ~\rm ms$.

Therefore: \begin{align*} B &= 4\pi\cdot 10"~ {-7} {{\rm Vs}\over{\rm Am}} \cdot 1
\cdot {{100 ~\rm A}\over{2\pi \cdot 0.412... ~\rm m}} \end{align*}
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Exercise E6 Toroidal Coil
(written test, approx. 5 % of a 120-minute written test, S52021)

A magnetic field with a flux density of at least $50 ~\rm mT$ is to be achieved in a ring-
BiespHd coil (toroidal coil).

The coil has 60 turns, wound around soft iron with $\mu_{\rm r} = 12005%.

The average field line length in the coil should be $I = 12 ~\rm cm§$.

s\mil £066=—4kpi\cad$ 10" {-7} {{\rm Vs}over{\rm Am}}$

N O N

What is the minimum current that must flow through a single winding?

Path
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The magnetic field strength of a toroidal coil is given as:
\begin{align*} H &= {{N \cdot I}\over{l}} \end{align*}

Based on the flux density the magnetic field strength can be derived by $B = \mu_0
\mu_{\rm r} \cdot H$.
By this, the formula can be rearranged:

\begin{align*} H &= {{N \cdot [}\over{I}} \\ {{BHover{ \mu 0 \mu_{\rmr}}} &=
{{N\cdot IH\over{I}} \\ | &= {{B \cdot [}\over{ \mu_0 \mu_{\rm r} \cdot N} }
\end{align*}

Putting in the numbers: \begin{align*} | &= {{ 0.05 {~\rm T} \cdot 0.12{~\rm m}
Hover{ 4\pi\cdot 10™{-7} {{\rm Vs}over{\rm Am}} \cdot 1'200 \cdot 60} } \\ &=
0.6631... {{\rm T\cdot m}H\over{ {{\rm VsHover{\rm Am}} }} &= 0.6631... {{\rm
{{\rm VsHover{\rm m~2}} \cdot mPover{ {{\rm VsHover{\rm Am}} }} &=
0.6631... ~\rm A \end{align*}

Exercise E8 Cylindrical Coil
(written test, approx. 6 % of a 120-minute written test, $52021)

A)dﬁ?ﬁdﬂgﬂ&ﬁdﬂﬂﬂtﬁ}miqﬁﬂvb@ht@rmation is given:
Result
e Length $0 = 30 {~\rm cm}$,
Pathe \Winding diameter $[] = 390 {~\rm mm}$,
e Number of windings $[] = 240$ ,
$ [Pk &S0 A Yemndifiith &M ductor $[1 = 500 {~\rm mA}$,
e Material inside: Air

e $\mu 0 = 4\pi\cdot 10"~ {-7 rm Vs}over{\rm Am
Thi\mggnetic\ﬁ)é istgda@t?ais}ﬂa{\: \mu_}(} \\r/nu;{}\rm r {ggot H$:

"he proportion of the magnetic voltage outside the coil can be neglected. Determine the

ollo ﬁ%%?lﬁﬂ@*ihﬁﬁ SeuBE\ipt A\remd) Higertd {align*}

) tﬁmg%ﬁp%m@m q%ﬂ@*éetmmwwmgjwér{és} {{\rm Vs}Hover{\rm
Am}}\cdot 400 ~\rm {{A}\over{m}} \\ &= 0.0005026... {{\rm Vs}\over{\rm m~2}}
\eraipsajion} A = \pi r"2 = \pi \left( {{d}over{2}} \right)~2 \end{align*}

)athl'herefore: \begin{align*} \Phi &= B \cdot \pi \left( {{d}\over{2}} \right)"~2
\end{align*}

Putting in the numbers: \begin{align*} \Phi &= 0.0005026... {{\rm Vs}\over{\rm

N

(Beg’ihkéﬁaﬂh}ﬂi}\@({ﬁﬂp\c@&éﬁﬁ'}\mM?}V?E{2{}{}/\/\('[%9 TROVET 9100 ARG rm

Vs} \end{align*

Putting in the numbers: \begin{align*} H &= {{240 \cdot 0.5 {~\rm A} }\over{0.3
{~\rm m}}} \end{align*}
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Exercise E11 effect of induction
(written test, approx. 5 % of a 120-minute written test, SS2021)

A single conductor loop is penetrated by a changing magnetic flux.
ReeWsllowing figure shows the variation of the flux $\Phi(t)$ over time.

Calculate the variation of the induced voltage $u_{\rm ind}(t)$ over time and draw it in a
,eparate diagram.

$$u...in$S\...

$S\..ingS\...

Path

Based on Faraday's Law of Induction the induced voltage is given by: \begin{align*}
u {\rmind} =& - {{ {\rm d} Fover{ {\rm d}t}} \Psi(t) \bigg\rvert {n=1}\\ =& - {{
{\rm d} Nover{ {\rm d}t}} \Phi(t) \\ \end{align*}

For a linear function, the derivative can be substituted by Deltas ($\rm d \rightarrow
\Delta$):

\begin{align*} u_{\rm ind} = - {{ \Delta \Phi(t)}\over{ \Delta t}} = - { { \Phi(t_{\rm
n+1} ) - \Phi(t_{\rmn} ) } \over { t {\rm n+1} -t {\rmn} } } \\\end{align*}

For a piece-wise linear function, the induced voltage can be calculated for each
interval.
Here, there are 5 different intervals - in the following called $\rm I$ to $\rm V$ from

MEXLE Wiki - https://wiki.mexle.org/



2026/03/18 13:06 9/23 Exam Summer Semester 2021

left to right:

$$\..0ngs\...

e For the intervals $\rm I$, $\rm [lI$, and $\rm V$ , the flux $\Phi(t)$ is constant.
Therefore, $\Delta \Phi(t)=0% and $u_{\rm ind}(t)=0{~\rm V}$
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$6\..ins ...
e For the interval $\rm 11$:

o The change in the flux is: $ \Delta \Phi(t) = 1.5 \cdot 10~ {-4} {~\rm Vs} -
4.5\cdot 10" {-4} {~\rm Vs}=-3.0\cdot 10™{-4} {~\rm Vs}$

o The time span is: $0.2 ~\rm s$

o Conclusively, the induced voltage is: $u_{\rm ind}(t) = + {{3.0 \cdot
10~ {-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 1.5 {~\rm mV}$
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e For the interval $\rm IV$:
o The change in the flux is: $ \Delta \Phi(t) = 0 \cdot 10~ {-4} {~\rm Vs} -
1.5\cdot 10" {-4} {~\rm Vs}= - 1.5 \cdot 10"~ {-4} {~\rm Vs}$
o The time span is: $0.2 ~\rm s$
o Conclusively, the induced voltage is: $u_{\rm ind}(t) = + {{1.5 \cdot
10~{-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 0.75 {~\rm mV}$

$$\..ings\..
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Exercise E12 Coil in a magnetic Field
(written test, approx. 4 % of a 120-minute written test, S52021)

A coil with $n = 300$ turns and a cross-sectional area $A = 600 ~\rm cm”2$ is located in a
Rembyeneous magnetic field.

The rotation of the coil causes a sinusoidal change in the magnetic field in the coil with the
frequency $f = 80~\rm Hz$.

"he maximum value of the magnetic flux density in the coil is $\hat{B} = 2 \cdot 10" {-6}
\rbegindabigatl i fomiad} = - 181 {~\rm V} \cdot \cos(503 {{1}H\over{\rm s}} \cdot t
) \\ \end{align*}

Derive the formula for the voltage induced in the coil and calculate the voltage amplitude.

Path

The induced voltage $u_{\rm ind}$ is given by:

\begin{align*} u_{\rm ind} &= - {{{\rm d}\Psi(t)Nover{{\rm d}t}} \\ &= - n{{{\rm
d}\Phi(t) Nover{{\rm d}t}} \\ \end{align*}

With $\Phi(t)= B(t) \cdot A$, where $A$ is the constant area of a single winding and
$B(t)$ is the changing field through this winding.
Due to the rotation, the field changes as:

\begin{align*} B(t) &= \hat{B} \cdot \sin(\omega t + \varphi) \\ &= \hat{B} \cdot
\sin(2\pi f \cdot t + \varphi) \\ \end{align*}

This leads to: \begin{align*} u_{\rm ind} &= - n{{{\rm d}}\over{{\rm d}t} }A \hat{B}
\cdot \sin(2\pi f \cdot t + \varphi) \\ &= - n \cdot A \hat{B} \cdot 2\pi f \cdot \cos(2\pi
\cdot f t + \varphi) \\ \end{align*}
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The absolute value of the factor in front of the $\cos$ is the maximum induced voltage
$\hat{U} {\rm ind}$: \begin{align*} \hat{U} {\rm ind} &= n\cdot A \hat{B} \cdot
2\pi f\\ &= 300 \cdot 0.06{~\rm m~2} \cdot 2 \cdot 10~ {-2} ~\rm
{{VsHover{m~2}} \cdot 2\pi \cdot 80 {{1}\over{\rm s}} \\ &= 180.95... {~\rm

m~2} \cdot {{\rm VsHover{\rm m~2}} \cdot {{1Hover{\rm s}} \\ &= 180.95...
{~\rm V} \\ \end{align*}

Exercise E13 Magnetic Voltage
(written test, approx. 6 % of a 120-minute written test, $52021)

The following images show cross-sections of electrical cables.

Regbled path is shown as a dashed line. The magnetic voltage $\theta$ on these paths shall
be analyzed.

The following values are given for the currents:

Yaggin{2IBAmheks {(1)} &= -4 {~\rm A} \\\theta_{(2)} &= 0 {~\rm A} \\
Whet@ H3) X SemAf4\rm A} \\ \end{align*}

e $13=1{~\rmA}$

e $l 4 =4 {~\rmA}$

$$(1)$$ $$(2)$$

$5(3)$$
$$1~\r...

$s1-v. ’ < )
‘ ®$'-~ $S® ‘ @sl... $S® @s\...%é
(s @:Vsl... (o¥st
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Specify which magnetic voltages $\theta {(1)}$, $\theta {(2)}$, and $\theta {(3)}$ result.
Note the direction of the path in each case!

Path

For the resulting current the direction of the path has to be considered with the right-
hand rule:

e $l {(1)} =+1.2-11-1 3\quad \rightarrow \quad \theta {(1)} =2 {~\rm A} -5
{~\rm A} -1 {~\rmA} $

e $l {(2)} =+ 3 +14-11\quad \rightarrow \quad \theta {(2)} =1 {~\rm A} +
4 {~\rm A} -5{~\rmA}$

e $I {(3)} = +1_3-14-12\quad \rightarrow \quad \theta_{(3)} =1 {~\rm A} -4
{~\rm A} -2 {~\rm A} $

Exercise E16 Lorentz Force (hard!)
(written test, approx. 10 % of a 120-minute written test, SS2021)

B)$SBOpidtunk brefdongh sl idiet toig viesltagei directvburheoit ttre rdineiss wr s |sho aimat des the
BeaHtrikl Aapenent $F ={\LRG0} $ \ofrtiAs réswiitiy 6oigie iact? (Independent)

A homogeneous geomagnetic field is assumed. The magnetic field strength has a vertical
component of $B_{\rm v} = 40 ~\rm \mu T$ and a horizontal component of $B_{\rm h} = 20
-\rm \mu T$.

"he A ABEGRSN EANERI RERALSIOAT FReSaVRCHHE hokio it e S8 rMetItitednel PStRER th is
;\alBMa Hghpedrection by the right-hand rule.

‘he picture on the right shows the line (black), the field strength components, and the angle
in front and top view for illustration purposes.

MEXLE Wiki - https://wiki.mexle.org/



2026/03/18 13:06 15/23 Exam Summer Semester 2021

a) Calculate the force that results from the current flow on the entire conductor.
First, calculate the vertical and horizontal components and combine them accordingly.

P%Q View

Path

The force on the transmission line can be calculated via the Lorentz force
$\vec{F} _\rm L$: \begin{align*} \vec{F} = I \cdot (\vec{l} \times \vec{B})

\end{align*} . ,
e The horizontal component $\vec{F} {\rm h}$ of the force is based on the

Here, WRTHGRECAIPENRDLAMRS 1B} thEFLYAh et Hitimasreesie8ldhe force - to

evaltigtae vertical component $\vec{B}_{\rm v}$ of the magnetic field is not shown in

ConsidBRAGBYE BykihBANHIS IRktRsIrRidroduct), the vertical field $B_{\rm v}$

genar¥8as obp angprieuda orverd Bhalliee k$sand to $\vec{I}$. The right-
hand rule has to be applied.

The horizontal component is given by
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\begin{align*} F_{\rm h} &= I\cdot (I \cdot B_{\rm v}) \\ &= 1200 {~\rm A} \cdot 300
\cdot 10" 3{~\rm m} \cdot 40 \cdot 10~ {-6}{~\rm {{VsHover{m2}}} \\ &= 14'400
~\rm {{VAsHover{m}} = 14'400 ~\rm {{Ws}\over{m}} = 14'400 ~\rm N
\end{align*}

For the vertical component the angle &\alpha& has to be considered.

For the maximum $F_{\rm v}$ the angle &\alpha& has to be $90°$, therefore the
$\sin$ has to be used.

Top View

\begin{align*} F_{\rm v} &= I\cdot | \cdot B_{\rm h} \cdot \sin\alpha \\ &= 1200
{~\rm A} \cdot 300 \cdot 10™3{~\rm m} \cdot 40 \cdot 10"~ {-6} {~\rm
{{Vs}Hover{m?}}} \cdot \sin 20° \\ &= 2'462.545... ~\rm N \end{align*}

For the overall force $F$ the Pythagorean theorem has to be used:

\begin{align*} F &= \sqrt{F_{\rm v}~2 +F {\rm h}"~2} \\ &= \sqrt{({14'400 ~\rm
N})"2 +({2'462.545... ~\rm N})"2} \\ &= 14'609.04... ~\rm N \end{align*}
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Exercise E18 Impedance Characteristics
(written test, approx. 6 % of a 120-minute written test, S5S2021)

A coil has an inductive reactance of $X 0 = X(f_0) = 80~\rm \Omega$ at a frequency $f 0 =
BeSUlEm kHz$.

Calculate the frequencies $f 1$, $f 2$, $f 3$ at which the following reactances are
measured:

There are multiple ways to solve this question.
One way would be, to calculate the inductance $L$ first by rearranging $X(f) = 2\pi
\cdot f \cdot LS.

Another way uses ratios (or “rule of three”), since $X(f) = f \cdot k$ with a constant
$ks.

Therefore one can set up two formulas $X_n = f_n \cdot k$, $X_0 = f_0 \cdot k$, and
divide the formulae by each other.

This leads to: \begin{align*} {{X_n}\over{X 0}} &= {{f nH\over{f 0}} \ f n &=
{{X_n}over{X 0}}\cdotf 0 = {{f OH\over{X 0}}\cdot X n\\\end{align*}

Putting in the numbers: \begin{align*} f n &= {{60 ~\rm kHz}\over{80~\rm
\Omega}}\cdot X_n\\ &= 0.75 {{\rm \Omega}\over{\rm kHz}}\cdot X n\\
\end{align*}

Exercise E20 Complex series circuit
(written test, approx. 8 % of a 120-minute written test, $52021)

B)dBeErcinaitted $6seld yalum aff$ediest2DG inmpedOntegafthe $Ere4 it ksing simall be
Br@Egtiance vector diagram. Pay attention to the correct dimensioning.

a) Determine the complex impedance $\underline{Z} C$.
Result
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>ath
$\underline{Z} C =-{\rm j} \cdot 804 ~\rm \Omega $

The complex impedance $\underline{Z} C$ is given as \begin{align*}
\underline{Z} C &= {{1}\over{{\rm j} \cdot 2\pi \cdot f\cdot C }} \ &= {{-{\rm

j} Nover{2\pi \cdot 40 \cdot 10~3 ~\rm Hz \cdot 4.95 \cdot 10~ {-9} ~\rm F }} \\ &= -
{\rm j} \cdot 803.81... ~\rm \Omega \\ \end{align*}

Based on the diagram: $|\underline{Z}|= 828 ~\Omega$

Exercise E22 Component Parameters
(written test, approx. 10 % of a 120-minute written test, SS2021)

afpenestecifig RfwtarMéprasentt o vesidliye-iralucivenodd !
MMéégjr‘é?ﬂéﬁ?ﬁe% ﬁ%@%@@g@ufﬂﬁrﬁ Mors g fesndigsasre b= OrmMp$aee 50 barm
vstpumntnrddietawn Badh (radlds) Yrelmardaicephidrdpplied.

Th|c rncnli-nnl in +hn rnrnrrlarl currant nF

i? rive in general the equatlon for the absolute value of the impedance of the motor.

i:g,:{ ali %n ﬁ%%&?%dgtmﬁd% L {\rm M})*2 + R_{\rm M}"2 }

~\r

ath 7o SETR\ANI} W1 4CBBeg m

)) DRV R bsohita 0dihés bt fﬁ@‘ﬂ%é’b‘éﬁé@ssﬁbliﬁaﬁ’fet‘yﬁééflﬁéé FviyiaRéon 3t 15
,ndTgfiszgﬁﬁa@p@ﬁw{@ge that $R_ {\rm M}$ will cancel out: \begin{align*} Z 272 -

7 AN C.— [(Mni\rAdar £ D \rAAF I romn MIYAD 1 D ron MAAYDY  \lafH [(D\ni\~AAF £ 1
L 1 £ X7 \&\MI\LUULIT_c \LUUL L 1_\||||||J'/ L T I\ 1_\||||||J' <« T \ITIW \&\MI \\_UULI 4

TR EQMRIEX Mv}pedapcre $\pndaning {Zghtfax & cesEpvecituchive paeibe SREFR M} ~2

attsepigs wWestt) i9 overas Abegim{miory \ wikerdngtg} &= {\rm j} \cdot X_L + R_{\rm
M} \\ &= {\rm j} \cdot 2\pi \cdot f \cdot L_{\rm M} + R_{\rm M} \\ \end{align*}

Now we can rearrange to $L_{\rm M} ~2$:
The Pythagorean theorem can derive the absolute value: \begin{align*}

Teruipisiofd R SRt (RipeSseEd (v dpidh Tereabl (et (BYdmg di "2 ) AR - (2\pi
edai&dlge¥3\right) \ L {\rm M}"2 &= {{Z 272 -Z 172} \over { (2\pi\cdotf 2 )"2 -
(2\pi\cdot f 1)~2 }} \L {\rm M}*2 &= {{Z 272 -Z 172} \over { (2\pi)™~2 \cdot (

f2m$4 1&2{){}1.} Q\}\m@{él@}o} = {{50 ~\rm V}\over{8~\rm A}} $
e $Z 2 = {{U 2} over{l 2}} = {{50 ~\rm V}Hover{5~\rm A}}$

And then to $L_{\rm M}$:

\begln{allgn*} L_{\rm M} &={{1}\Over{2\p|}} \sqrt{{{z_zAz _ Z_].AZ} \over { f_2’\2
-f 172 }} N\ \end{align*}

With the values:
\begin{align*} L {\rm M} &={{1}\over{2\pi}} \sqrt{{{(10~\Omega)”"2

(6.25~\Omega)~2} \over { (100 {{1}\over{s}})"~2 - (50 {{1}\over{s}})~2 }} }\
&=14.346... ~\rm mH\\ \end{align*}
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The resistance value $R_{\rm M}$ can be derived from \begin{align*} Z 272 &= (2\pi
\cdot f 2 \cdot L {\rm M})"*2 + R {\rm M}"*2\ R _{\rm M}"2 &= Z 272 - (2\pi \cdot
f 2\cdot L_{\rm M})*2 \\ R_{\rm M} &=\sqrt{ Z_2"2 - (2\pi \cdot f_2 \cdot L_{\rm
M})~2}\ \end{align*}

The values have to be inserted also for $R_{\rm M}$: \begin{align*} R_{\rm M}
&=\sqrt{ (10~\rm \Omega)”~2 - (2\pi \cdot 100 {{1}\over{s}} \cdot 0.014346... ~\rm
H)~2}\ &= 4.3301...~\Omega \end{align*}

Exercise E24 Signal Analysis
(written test, approx. 6 % of a 120-minute written test, $52021)

B) Batfmieasunedrcthee frtosiigiidritiEppk foeceoibed Yrnepditiartt afeemEg s (irete pendent)
ResWliantities are available in the consumer arrow system. (hard)
e $u(t) = 50{~\rm V} \cdot \cos (6000 {{1}\over{\rm s}} \cdott + 4) $

Pathe ¢i(t) = 30{~\rm A} \cdot \sin (6000 {{1}\over{\rm s}} \cdott + 5) $
Result

1) D,emﬁmw'@etbmaggphtude values $\hat{U}$, $\hat{l}$ and the RMS values $U$, $I$
e $f = 955 ~\rm Hz$
The TréMRiHENTEEE G By the term in the sine function: \begin{align*} \omega
"athe 0B TAMIE P apine dtitef Elen6O00S fagStiver fcuctivie f &=
{{6000}\over{2\pi}} {{1Hover{\rm s}} \\ f &= 954.93... ~\rm Hz \\ \end{align*}

NV vdliues.

For the phars?)zS $\{arph|§/ we have to subtract $\varphi_i $ from $\varph| us.

But fojeft }sgé t)$ needtoh a e5| idal

funcﬁ%é\&rﬂg FE) geﬁ/pﬂ}@sg\th etﬂ'ﬁ% ﬁ t%' f aregiven |rec y B ?ﬁ nt
‘the €osine and sine functions

H E MVIS glues of sinusoidal functions the amplitudes have to be multiplied

i fﬁmm‘ﬁe#%?{%ﬁ?ﬂ&é@r}{%}}$

By this we get for $\varphi$ \begin{align*} \varphi &= \varphi_u - \varphi i \\ &= 4 +
{{\piH\over{2}} - 5\\ &= 2.14159... \\ \end{align*}

Converted in degree: \begin{align*} \varphi &= 2.14159... \cdot {{360°}\over{2\pi}}
\\ &= 32.7042...° \\ \end{align*}

Exercise E26 Resonant Circuit
(written test, approx. 4 % of a 120-minute written test, SS2021)

B \ovaleegenanis tisBsith&hab ithiEtab yestineace the ye kagecaqassuih e icapacitonishidriGht) 4
ﬁ’d@ﬁitl’(diy{dﬁan&}ﬁﬁiaddmpﬁnitance $C$ are fixed. The resistance $R$ can be varied.
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dathe $u_{\rm s} = 12{~\rm V} \cdot \sin (2 \pi \cdot f 0 \cdott) $

U_\rrll.

1)

SRIRH 205 DO megas

e $L = 20~\rm mH$

e $C = 30~\rm \mu F$

For the following calculation, the internal resistance $R_i$ and the resistance $R$ have
to be combined: \begin{align*} R \Sigma = R_i + R \\ \end{align*}

Here, either one knows that the gain factor $Q$ stands for $Q={{U_C}\over{U_{\rm
s}}1}$ and therefore can directly use the following formula: \begin{align*} Q =
{{U_CYHover{U {\rms}}} &= {{1}\over{R \Sigma}} \sqrt{ {{L}\over{C}} } \\
R\Sigma &= {{U_{\rm s} Nover{U_C}} \sqrt{ {{L}\over{C}} } \\ \end{align*}

When the gain factor is not known, one has to derive it:

The voltage $1$ at resonance is only given by the total ohmic resistance

$R \Sigma$ and the source voltage $U_{\rm s}$: \begin{align*} | = {{U_{\rm
s} Hover{R \Sigma}} \end{align*}

This current flow also through the impedance of the capacitor \begin{align*}
U C&=Z C\cdot I'\\ &= {{1}\over{\omega C}} \cdot I \\ &= {{U_{\rm
s}Hover{\omega C R \Sigma }} \\ \end{align*}

At resohance, thesangular frequency $\omega$ is given by $\omega=

(sgrt{ .y

egin{align*} U_C &= {{{\rm s} Nover{{{1}over{\sqrt{LC}}} C R_\Sigma

W &= {{U_{\rm s} }over{\Sart{{{CH\over{L}}} R \Sigma }} \\ &=
{{U_{\rm s} Nover{R \Sigma }} \sqrt{{{L}H\over{C}}} \\ \end{align*}

hat is the resonance frequency $f 0$?

athn both cases, we end up with the same formula, where we have to insert the physical

values: \begin{align*} R \Sigma &= {{U_{\rm s} Nover{U _C}} \sqrt{ {{LH\over{C}}
}\ &= {{1}H\over{4}} \sqrt{ {{20\cdot 10"~ {-3} ~\rm H}\over{30\cdot 10"~ {-6}
~\rm C}} } \\ &= 6.4549...~\Omega \\ \end{align*} _

The resonant frequency $f 0% is given as \begin{align*} f 0 = {{1}\over{ 2\pi
yeqtdd.Ché FasnedmtiggRY is: \begin{align*} R &= R \Sigma - R i \\ &=

6.4549...~\Omega - 0.2~\0Omega \\ &= 6.2549...~\Omega \end{align*}
With the values: \begin{align*} f 0 &= {{1}\over{ 2\pi\sqrt{20 \cdot 10"~ {-3} ~\rm H

\cdot 30 \cdot 10~ {-6} ~\rm F} }} \\ &= 205.4681... \rm Hz \end{align*}

Exercise E28 Multiphase systems
(written test, approx. 4 % of a 120-minute written test, $52021)

B) Hpeeifyiie RMS okieasafthe phase inaitdgt $duimed damdet et irting grai dlmipisif g $$S $ .
Remiling.
A voltage with the RMS value $U_{\rm RMS} = 110~\rm V$ is applied between the terminals
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Jadach winding.
"hrawh=ca@1of e ings, there is a current with an RMS value $I_{\rm RMS} =5 ~\rm
\$ and & @%@%@ﬁ&}ﬁmm?@%ﬁ%% compared to the voltage.
® DU {ANTILLY j==0LQU~\iliili AP
1) DsiredhB e igovehdiaieag® of $U{{inmRIMES }=5116m \A$ ¥ $ s aipwl ittt diedivesaciheinding,
TirerasiideopRs e Wthdanaimrisny szt \cenigdhsragé \sdotraisgvarphi)$
eaadalienitdadd tietrilbnba k dndntsnles tnadgeder a2 Mg \ftagf ol
s ifeb8Rmusirae Welend{alient} | =0s.
By this (and showing in the example in the image below), One can see, that $I \rm L=
\sqrt{3} \cdot |_{ = \sqrt{3}.dot 5~\rm A$

$\un

Text is not SV

\unde... $\unde...

Text is not Sﬁ&%m)d@spmy

one single phase as an example

$5L1$$ $$1_15%
—>

Pa
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